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There are a number of targets indicated by seismic work but only one area
where all three methods combine to define a potential gold area. This area
will be reviewed in detail.

This target is between 10000N and 10800N on the east side of sectiom 24,
T64N, R21W as shown on figure 55-11. The magnetic susceptibility response
profile is typical of late hydrothermal resetting of a fault zone wall-rock
paleomagnetic moment. The slightly stronger magnetic susceptibility on the

- south side of the fault suggests a steep dip to the south. The shape of the

VLF-EM profile in the immediate area of the crossover appears to confirm this
but the refraction seismic survey indicates a nearly vertical feature. The

- fault zone is clearly defined by the refraction seismic profile with a reduced
" velocity in the zone and development of a third layer. The fault is directly

coincident with the oxidized zone indicated on the magnetic response profile.
The VLF-EM conductor correlates with the magnetic wall-rock peak on the north
side of the fault which suggests a response to conductive sulfides in the wall
rock rather than the fault zone. The three methods have combined to define a
target with gold potential, This could be further tested with a basal till
sampling hole in the bedrock depression at station 9500N as shown on figure
55-6 or by more geophysical work. A phase induced polarization survey would
be a good way to define these targets.

The wider fault zone to the north, (11100N. to 11750N.), figure 55~11, is
also an excellent target as defined by the refraction seismic profile. The
bedrock ridge indicates a rather wide silicified zone which in turn has been
broken by more recent faulting. The magnetic profile indicates high
temperature resetting of wall-rock paleomagnetic moments on some of these late
faults. There is a relatively strong peak at 11600N., another more moderate
peak at 11350N. and a weak anomaly at 11050N. The curves between the peaks
are reasonably smooth dish shaped features suggesting some oxidation. There
is no VLF-EM support for the faulting within this zone. The openings may have
been healed with silica so that the whole unit is resistive. Target
evaluation basal till samples at 10950N. would evaluate this target.

Traverse 3

This zone has not been surveyed with the refraction seismic method and
therefore is shown on figure 55-4 with parallel lines bracketed by question
marks. Traverse 3, (T-3), started at the center of section 21, T64N, R20W and
ran south along county road 119 to the southeast corner of section 5, T63N,
R20W. Near the south end of the traverse are some granite outcrops and
associated with these outcrops are two crossovers; a modest conductor at
16950S and a much stronger conductor at 18000S.

This VLF-EM response profile is shown on figure 55-12 below the magnetic
response profile. Both suggest a fault zone, or possibly parallel faults.
The very strong positive in phase VLF-EM observations between 17200S and
17900S are caused by a very resistive unit which is probably the granite
intrusive or silicification. The positive magnetic features having an

~amplitude of 50 to 100 gammas could be mapping a late infusion of minerals

with a modest magnetic susceptibility in fault openings, or resetting of

.wall—fock paleomagnetic moments by a 200°¢.-600°C event, although the anomaly
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to the north has a wide half width for simple resetting of the
paleomagnetic moment. This area should be evaluated with refraction
seismic profiles then tested for gold mineralization, it would be a good
target for skarn type mineralization,

Traverse 1

Traverse number 1, (T-1), starts at the southwest corner of section 35,
T63N, R20W and runs northeasterly along state highway 73 for 15,550 feet
ending at the junction with county road 481. On the magnetic susceptibility
traverses there are a number of very sharp one or two station anomalies
related to man made fabrications, mostly culverts. Removing these there are
some very broad low amplitude, (150 gamma) features related to deep geologic
sources and one interesting feature between stations 9400N and 11400N.

This feature, shown on figure 55-13 has a modest anomaly of 150 gammas
amplitude and a half width of 400 feet., On the north side there appears to be
three fault zones with hydrothermal reset of wall-rock paleomagnetic moment
and oxidation in the center of the zones. The reset of the paleomagnetic
moment in the fault on the north side of the positive anomaly results in a
sharp two station positive spike of about 170 gammas peaking at 10000N. This
is most likely a major fault with lesser faults to the north indicated by
small positive anomalies peaking at 10350N, 10850N and 11350N. Between the
northern peaks are dish shaped curves suggesting oxidation,

Traverse number 1 also displays some VLF-EM features which should be
further evaluated, although they do not have support from magnetic
susceptibility responses. These are displayed on figure 55-14. On the
profile between stations 2600N. and 3600N. there is one crossover with a
strong positive half cycle to the north and a very weak negative swing to the
south., This suggests a contact between a resistive unit and a unit with very
moderate resistance. There could be a fault contact but it is questionable.

North of this, between stations 11800N. and 13100N, is a good example of
a response resulting from a very resistive unit between moderately resistive
units. The shape of the curve on the south side suggests a steep contact,
- probably a fault, but the lack of a good crossover indicates a tight
nonconductive contact. Since this could result from silicification in a fault
zone this area should be further evaluated.

Outcrops were observed in the area between 13600N. and 15400N. This
crossover also suggests a fault contact between a very resistive rock unit and
a moderately resistive rock unit, although it is likely a steeply dipping
bedrock profile. The crossover on the south side and some of the erratic
swings of the vertical in phase component should be further evaluated
particularly the area of 15150N..

Traverse 4 VLF-EM and Mag. Sus. Anomalies

In addition to the mineral potential targets described which have seismic
support under traverse 4, profile 2, there are four other areas of interest on
traverse 4, (T-4). Three of these are VLF-EM response profiles shown on
figure 55-15. All three indicate good near surface conductors which should be

further evaluated, .
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On T-4 there is also a magnetic susceptibility response profile that
has a shape resulting from faulting with the north side down thrown, figure
55-16. Because there 1s no positive peak on the north side the fault zone
appears to dip to the south. The positive anomaly on the south side
indicates the paleomagnetic moment has been reset to increase magnetic
susceptibility, This area should be further evaluated for gold potential.

West of S-1 glacial deposits become deeper, greater than 100 feet, as
indicated bv these surveys. VLF-EM surveys do not penetrate deep enough to
map bedrock features. Magnetic susceptibility surveys are still effective for
defining larger geologic units and gross structural features but lack the
sensitivitv to define subtle features such as those described from the
traverses to the east.

RECOMMENDATIONS AND CONCLUSIONS

The objective one determination of bedrock depths and profiles at planned
basal till sample sites are very important for an effective basal till
sampling program. The stratigraphy of glacial deposits is less important but
would help in planning and obtaining good basal till samples. Project 252
geophvsical survevs show this can be done at reasonable cost with less than
fifteen percent average error on bedrock depth determinations. We believe the
accuracv can be improved. It is more difficult to define stratigraphic units
within glacial deposits and those defined might not always be an interface
important to the sampling program. The D. N. R. should continue making depth
determinations at all basal till sample sites.

In areas where glacial deposits are less than fifty feet deep, detailed
verv low frequency electromagnetic and magnetic susceptibility surveys can
effectivelv define lithologic units, structure, indications of alteration and
hvdrothermal events often associated with gold mineralization. With other
methods they can be used to complete objectives two and three, Targets
developed with VLF-EM and magnetic susceptibility methods can be further
evaluated with refraction seismic profiles. Following target definition
bedrock profiles can be surveyed using both refraction and reflection seismic
rethods to locate optimum basal till sample sites for target screening prior
to an expensive core drilling program. This completes the second part of
objective two,.

In the eastern half of the Cook~Orr area these methods worked very well
to complete objectives two and three, that is to define targets having
characteristic features of epigenetic, hydrothermal gold deposits and map a
bedrock profile to select optimum sites for basal till sampling holes. In
areas of deeper glacial deposits as defined by seismic work, the D. N. R.
should consider using a method such as magnetotellurics in combination with
magnetic susceptibility to meet these objectives.
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CONCLUSIONS

Cazalet (1973) aptly summarized the broad requirements of a successful
exploration survey as he tested the application of (surficial) glacial
drift prospecting for base metals in Europe. Two of his criteria are
especially pertinent, namely, that the method should reduce the area to be
further explored and to provide further assessment of the expectations of
occurrences found. This DNR regional survey achieved both of those
requirements by designating townships with occurrences and providing
samples and a database from which to assess each occurrence. It is
difficult to further rate this regional survey because it is based upon a
new, unproven conceptual model described in the Introduction, there are
many variables to be tested, and there were no good '"truth points" (gold
mining camps) in the survey areas or Minnesota on which to test it.
Moreover, all the primary objectives listed in the Introduction were
completed.

The results confirm that this method is an appropriate means to survey
the regional mineral potential where Rainy lobe till occurs above bedrock.
Selection of the most cost effective drilling, sampling, processing and
analytical methods depends upon the objectives of each survey and specific
landscape factors. The methods used in this survey have been fully
explained, in the event the reader chooses to design a similar survey.
Based upon our results and numerous successful site-specific case histories
in Canada, reverse circulation (air plus water) drilling with heavy mineral
concentration of large samples (+8 kg.) should be an effective method in
most of the of 700 square miles surveyed. An opportunity exists for
innovative drillers to develop a cost-effective overburden drilling method
for the difficult conditions encountered.

From the summary data, one gold grain can be expected in 17 kg of
typical Rainy lobe till. The Rainy lobe till appears to reflect bedrock,
at least on the local scale of dispersal of Klassen (1987). Many other
geochemical parameters were defined (see summary Table 40-~7) and the
framework of the regional glacial drift was well defined. Thus, for
example, very high background values (As, Sb, Ba, etc.) for gold minerali-
zation pathfinders in the Des Moines lobe exotic till have been identified,
so no future expenditures will be made to chase them. Furthermore, we were
lucky enough to find one very encouraging (and a few other) gold occurrence
in Linden Grove township, T62N-R20W, in St. Louis County. The delicate
gold grains and numerous pathfinder elements present in hole 20801 are good
indications of gold mineralization in the Precambrian bedrock of the area.
(See Map 10-7 and nearby holes 20804 and 20906.) At least two additional
anomalous gold occurrences (holes 202 and 209) in the Orr Area and one gold
occurrence (hole 107) and one base metal occurrence (hole 10303) in the
Littlefork Area were found (see Discussion of Some Significant Individual
Drill Hole Results, Maps 10-7 and 11-4, Appendices 8-59, 8-31, 8-36, 8-7,
8-14 and Table 40-7).

One of the overall goals was to try to quantify the information, some
of which is subjective in nature. The final results, such as the
geochemical sample database, reflect this conformation process in a new
style of data reporting. '
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Available Samples and Database

‘A large range of library samples are available for examination at thé
Hibbing office from the Rotasonic, mud rotary, and air rotary drilling.

The Rotasonic core was composited into 5 or 10 foot lengths for heavy
mineral concentration. Available samples include: 1/2 split of the sonic
core and bedrock core in boxes and the bedrock assay pulps and rejects, the
~63 um fraction assay pulp, approximately 250 grams of HMC feed and the HMC
light fraction after heavy liquid concentration, the HMC magnetic fraction
assay pulp, the 1/4 split nonmagnetic HMC fraction.

Mud rotary samples represent 5 to 10 feet of triconme bit cuttings in
buckets and range from 50 to 100 1lbs. Available samples include: a split
of the +10M and -10M Rainy lobe and bedrock, bedrock assay pulps and
rejects, thin sections are also available from the +10M bedrock chips, 1/2
split of the -10M fraction, approximately 250 grams of HMC feed along with
the HMC light fraction .after heavy liquid concentration, the HMC magnetic
fraction assay pulp, 1/4 split HMC nonmagnetic fraction.

The available air rotary samples include 5 to 10 feet of tricone bit
cuttings of Rainy lobe and weigh from 50 to 100 1lbs. The samples available
from the 4 foot bedrock interval are the 7/8 split plus the assay pulps and
rejects from the remaining 1/8 split. Other samples include: a grab
sample of each stratigraphic unit put into a cardboard core box and the -63
um assay pulps, about 250 grams of the HMC feed, HMC light fraction after
heavy liquid concentration, the HMC magnetic fraction assay pulp, 1/4 split
nonmagnetic HMC fraction.

Also available are photomicrographs from a scanning electron micro-
scope of 12 gold particles found in replicate sample #18612 in hole 20801,

The database consists of a master file of sample data and individual
files of nonmagnetic fraction assays, -63 um fraction assays, magnetic
fraction assays, and brief stratigraphic logs. The database for Project
252 is available on an IBM formatted, 5%-inch flexible standard or high
density diskette. A number of other formats are available (please
inquire).

The master file is a list of 700 sample numbers with their related
information. The list includes: sample number, sample interval, drill
hole number, sample thickness, drilling method, drill hole location, sample
drift type, heavy mineral concentrate assayed interval, number of gold
particles, heavy mineral concentrate feed weight, +10 mesh fraction feed
weight, nonmagnetic HMC fraction weight, magnetic HMC fraction weight, -63
um fraction weight, weight of the -63 um fraction feed, -63 um fraction
weight percent, +10 mesh fraction weight percent, and the sand fraction
weight percent.

The geochemical assays are available for the four sample fractions
along with the assay weight and the weight of each fraction divided by the
weight of the feed. There are 311 samples of nonmagnetic data, 383 of =63
um data, 124 of magnetic data, and 63 of the bedrock.

- 68 -

VDDODOOHHAIGGGNIOIONOOGCOOTOOI ARSI IR ONTNISTTINTITTNOIITSEOOE 0“096’6?60<0c9



VoOoVvovovoVVILOLL

N

f

%3
]
=
2
=]
9

.

2

)
- ]
3
=
)

Stratigraphic logs were created with a program called "Logger" and are
available for each drill hole in the Orr and Littlefork areas. Each log
consists of: 1) graphic presentation of the geologic units with emphasis
on the glacial stratigraphy and unit descriptions; 2) heavy mineral
concentrate sample interval, -63 um fraction sample interval, gold particle
counts, and indicator minerals; 3) designation of Des Moines lobe and Rainy
lobe strata; and 4) histogram with a graphic presentation of the
geochemical assays based on a relative scale according to high and low
assay values. The scale bar high value (ppm, Au = ppb, Fe = Z, g/kg) is
listed at the top of the column. Assays include: 5 elements assayed for
the nonmagnetic HMC fraction, 7 elements for the -63 um fraction, 3
elements assayed for the magnetic HMC fraction, nonmagnetic HMC fraction
gold, and -63 um fraction gold. The histogram also graphically shows the
weights of each fraction divided by the feed in grams per kilograms. The
intent of the graphic presentation is to show geochemical trends
(vertically) down the hole and interrelationships between sample fractions
(horizontally). The stratigraphic logs are only available in text form as
an ASCII file. The text is compatible with the Logger program from Rock
Ware Inc., 1985.

Some items were not included in the final report but are available at
the Hibbing office. These include such diverse information as the detailed
drill hole site maps, Rotasonic and air rotary field logs with some
drilling times on them, the large-size Plates 1 and 2 of Gary Meyer's
report, cross sections of interpreted stratigraphy in the Orr area, and
color slides of drilling and sampling.
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